Introduction {#sec1}
============

Not many women pursue a career in the STEM fields (**S**cience, **T**echnology, **E**ngineering, and **M**athematics). This is particularly the case for engineering and technology. The proportion of females in these fields has remained consistently low over the last decades (e.g., [@ref5]; [@ref25]) -- in the EU, it was only 25.7%, with Germany and its 18.5% scoring even lower ([@ref8]). There is also an underrepresentation of women in mathematics and sciences, although the difference is less severe, with a proportion of 37% in the EU and 35.6% in Germany ([@ref8]). Altogether, there are differences in the amounts of women in STEM between different EU member states, as well as between particular STEM fields. One reason for this might be that attitudes toward and attributions to subjects and professions vary between different cultural and subject-specific backgrounds ([@ref17]; [@ref34]). [@ref34] point out that women in the Western world still hold strong beliefs about STEM being a "male" domain.

And it is not just that women are less likely to enroll in STEM. When enrolled, they are more likely to drop out of their studies. Two variables in particular are seen as decisive for enrollment and dropout rates: STEM self-concept and motivation ([@ref16]). These will also serve as key variables in the present study, which investigate to what degree personal variables like the academic self-concept, as well as socializing school- and family-related factors contribute to women's intrinsic and extrinsic motivations in STEM.

In light of the variations in enrollment as well as dropout rates in different STEM subjects (e.g., higher enrollment of women in biology or chemistry than physics or engineering, [@ref49]), it appears inadvisable to treat STEM as a general category. Watt and colleagues argue that it is "imperative to disaggregate discussions of different fields of sciences rather than use an aggregated concept of STEM" ([@ref49], p. 254). However, in light of an apparently infinite number of STEM majors, it is neither practical nor efficient to separately investigate subjects, which is why this study chooses another approach, classifying STEM majors according to the proportion of women enrolled in them.

The proportion of women in a field is a critical variable. It appears that personal attitudes, assessments, and characteristics are related to enrollment in subjects with a lower or higher proportion of women ([@ref25]; [@ref18]). Gender disparities create a social context in STEM fields that signals to females that they are "minorities" who may not belong there ([@ref32]) and/or that women will encounter specific obstacles in these subjects. Therefore, the present study investigates the contribution of personal and social variables to motivation in two STEM groups with different proportions of women enrolled in the respective STEM fields.

Motivation, Self-Concept, and Socializing Family- and School-Related Factors in Stem {#sec2}
====================================================================================

Considering impacts on career choice as well as persistence in a study or a course, one group of theoretical models and research studies focuses on motivation as a driving force. From a view point of motivation, intrinsic motivation, interest, enjoyment, the experience of self-determination as well as persistence, and the wish to achieve certain goals are important reasons to pursue a certain career path (e.g., [@ref14]; [@ref25]; [@ref45]). By contrast, models and research studies within a socio-cultural background focus more strongly on socializing factors and the cultural environment of a person (e.g., [@ref13]; [@ref1]).

Motivation {#sec3}
----------

Motivation plays a crucial role when it comes to learning behaviors, career choice, as well as persistence (e.g., [@ref14]; [@ref25]). It describes the combination of a trait-like preference and a positively experienced, situation-specific state when working on a task ([@ref29]). Motivation explains to which degree an individual makes an effort to achieve a particular goal, e.g., a good test score or a degree.

According to self-determination theory ([@ref10]), an individual can be motivated by internal rewards, e.g., enjoyment in doing, exploring, and learning things (intrinsic motivation) or by external rewards, e.g., money or prestige (extrinsic motivation). Intrinsic and extrinsic motivations can be ordered along a continuum. Intrinsic motivation can be described as an experience of competency or autonomy that manifests itself in sustainable efforts over a longer range of time. It is autonomous in the sense that it is experienced as self-determined ([@ref45]). With regard to extrinsic motivation, self-determination theory distinguishes different forms. It comes from external sources (like external rewards) and is more goal driven and less sustainable. However, extrinsic motivation varies to which degree it is externally triggered; it may have internal sources when personal importance is placed on rewards (e.g., a high salary; [@ref45]). Extrinsic motivation can serve as an impetus to put effort into learning, e.g., when passing a test is instrumental toward obtaining rewards.

The motivation to enroll in a STEM major and stay on a chosen STEM career path usually results from a combination of both high intrinsic and extrinsic motivations ([@ref2]), with male STEM students' motivation mostly exceeding that of female students ([@ref25]). With regard to motivation in STEM, mathematics has been identified as a critical filter, which excludes girls and women from joining and/or remaining in a STEM field of study ([@ref17]). Mathematics is regarded as a typically male domain, even though achievements have not differed across genders in many studies ([@ref42]). Nevertheless, boys and men feel more confident overall when solving mathematical problems and have more positive attitudes toward and a higher motivation in mathematics ([@ref46]; [@ref17]; [@ref28]).

Self-Concept {#sec4}
------------

Self-concept is defined as the trait-like knowledge and perception about oneself. It is multidimensional, having both a nonacademic and an academic self-concept. These two overarching self-concepts are made up of more specific ones such as self-concepts in different academic domains (e.g., math, languages; [@ref31]).

The academic self-concept is formed already in childhood by experiences, the feedback of others, as well as by attributions to a person's behavior and achievements, and it becomes more stable over time ([@ref500]). Self-concepts in different academic domains comprise an individual's self-assessments and perceptions of competence ("I am good in science"). These kinds of self-assessments may rely on different frames of reference. An external frame of reference uses comparisons of own achievements to the achievements of peers or to a predetermined performance standard, while an internal frame of reference compares former achievements to present ones ([@ref3]; [@ref39]). Assessments can additionally rely on a general perception of individual abilities without the use of a certain frame of reference ([@ref24]).

Self-concept and achievements are related to each other *via* learning behaviors and effort ([@ref44]). A higher self-concept results in higher effort and persistence and thus implies higher achievements, while high achievements conversely strengthen the self-concept ([@ref31]). The overall academic self-concept (how quickly I learn and how well I generally do at school) and the domain-specific self-concept (e.g., how good I am in mathematics) may influence preferences and choices of courses, school types, and even professions.

In STEM subjects, women often have a more negative self-concept than males, even if they in fact have the same grades and achievements ([@ref26]; [@ref48]; [@ref20]; [@ref33]). Girls are more likely to attribute success to external factors and failure to internal factors such as a lack of mathematical ability ([@ref37]). Because mathematics is a crucial filter for enrollment as well as for remaining in STEM education, a lower math self-concept can be detrimental and may also lower learning motivation ([@ref15]). Generally, an overly critical math and STEM self-concept is a significant factor impacting why females are less motivated in STEM subjects and why they seldom consider a career in STEM ([@ref35]). These differences can be partially seen as the results of socialization at home and school because the gender-specific math and STEM self-concepts become increasingly significant following primary school ([@ref40]).

School and Family as Socializing Factors {#sec5}
----------------------------------------

Social cognitive theory emphasizes the role of observing and interacting with others for an individual's personal development. In an ongoing process, individuals learn from significant others (as models), but individuals also vary in what they adopt from significant others and they are of course influenced by the consequences of their behavior and the interactions with others ([@ref7]). As such significant others, teachers and parents or the closer social context are socializers ([@ref49]), which influence the development of students' academic self-concept as well as their motivation in a field.

Teachers influence their students' self-concept and motivation in different ways. Cognitive activation, style of teaching, feedback, as well as teachers' attributions to achievement are important for the development of students' motivation in a subject ([@ref28]). Teachers can help students overcome gender-specific attribution patterns by, e.g., encouraging girls to attribute success to their own abilities and not external reasons, achieving motivation as a result ([@ref15]).

In a similar fashion, parents and the closer social context shape both the self-concept and motivation. Parents' beliefs about their children's abilities, as well as their feedback and support influence their children's self-concept and motivation ([@ref43]; [@ref15]; [@ref23]; [@ref49]). Parents also shape their children's career decisions by feedback, role modeling ([@ref27]), or content-specific support. In this context, students' interpretations of the social environment are crucial. According to [@ref49], career choice is more strongly influenced by how children and adolescents perceive parental positions than by what parents themselves report about their support. In a survey on careers in science, female researchers emphasized more than males the impact of their parents, particularly of the father, on their career choice ([@ref41]). Besides parents, the support of peers and friends plays an important role for STEM career decisions ([@ref38]). [@ref13] postulate in their model on career choice that aptitudes, experiences, socialization factors, and the cultural milieu have an impact on career-specific values, motivation, the self-concept, and career choice as a result.

Research Questions {#sec6}
==================

As indicated, motivation is a crucial factor for enrollment and persistence in a STEM field. The present study investigates the contributing factors to the academic STEM self-concept and socializing factors (perceived family and school support) on intrinsic and extrinsic motivations in STEM. Taking into consideration the variations between different STEM fields, this study investigates two samples: Women studying STEM subjects with a low (STEM-LPF) and a moderate proportion of females (STEM-MPF). The following research questions will be investigated:

1.  To what degree do STEM-LPF students and STEM-MPF students differ with regard to motivation, STEM self-concept, and socializing factors?

2.  How do STEM self-concept and socializing factors contribute to motivation of (1) STEM-LPF students and (2) STEM-MPF students?

Materials and Methods {#sec7}
=====================

Participants {#sec8}
------------

The sample of this study is female German university students. They were surveyed in the context of a larger study in six European countries by the EU research project SESTEM, a project on equality of job opportunities. Students were contacted through university mailing lists and invited to participate in the study. The sample comprises primarily students in undergraduate and Master's level courses for STEM and STEM teaching.

Following the recommendation by [@ref6] to use a proportion of 30% as a critical threshold value for identifying typically male and more integrated professions, two samples of women were identified: 284 women in STEM-LPF (STEM fields with a low proportion of females, equal to or lower than 30%) and 185 women in STEM-MPF (STEM fields with a moderate proportion of females, higher than 30% but lower than 70%). All participants were enrolled in German universities. Women in the STEM-LPF sample studied the following subjects (ordered according to the number of participants enrolled in the respective fields): mechanical engineering, computer sciences, physics, metal engineering, electrical engineering, civil construction, or other kinds of engineering subjects (including subject combinations). STEM-MPF students studied mathematics, biology, geography, chemistry, STEM teacher education, biotechnology, architecture, or other subjects (ordered according to the number of participants enrolled in the respective fields). Some STEM-MPF students studied a STEM subject plus a non-STEM subject (e.g., languages, history), which are not listed here. In the present study, only STEM subjects within physical/natural sciences were investigated (e.g., medical subjects were excluded).

Measures {#sec9}
--------

A questionnaire was developed by the six partners of the SESTEM consortium. They contributed according to their respective field of expertise and negotiated the specific constructs of the questionnaire, measurement approaches, and scoring systems. This kind of expert negotiation was chosen to ensure the validity of the questionnaire as well as to meet the different goals of the project. This negotiation paid attention to checks and balances to gather as much information as necessary and to keep the questionnaire as short as possible. During this process, an English version of the questionnaire was developed and then translated into five other languages including German. All questionnaire versions were combined to a multi-language questionnaire in LimeSurvey. Thus, students were able to choose their preferred language at the start of the online questionnaire. This online-survey included questions about:

1.  Students' *majors* or study subjects. Students could name up to three study subjects that were part of their degree. These were classified according to their respective proportion of women based on the German first-year students' statistics \[[@ref12]\].

2.  *Parents' professions*. The professions were entered as text and later classified as a STEM or a non-STEM field.

3.  *Intrinsic* (five items) and *extrinsic motivations* (two items, see examples of items in [Table 1](#tab1){ref-type="table"}). Higher values, measured on a five-point Likert scale, indicate a higher level of motivation.

4.  A*cademic self-concept in STEM* was measured by four items that applied a five-point Likert scale (see [Table 1](#tab1){ref-type="table"}). Higher values indicate a more positive self-concept.

5.  *School factors*. These had two aspects: the first related to students' favorite subjects in STEM. For that, students were asked about their three most favorite subjects in school as free text. The answers were coded as STEM/non-STEM, and the STEM subjects were summed up to a score. For the analyses in this manuscript, this score only includes STEM subjects that are considered as a "male" domain (excluding, e.g., biology). Higher values indicate a higher number of favorite STEM subjects. The second aspect of the school factors is related to school support for STEM. Students were asked three questions concerning specific school teachers or activities that encouraged students' interest in STEM (e.g., "Were there specific school activities based around STEM, such as school visits or special projects?"). Positive answers were summed up to a score and by multiplication adjusted to a range between 0 (no activities) and 5 (all activities).

6.  *Family factors.* They describe support students received by family and peers (e.g., parents, siblings, friends). Students were asked whether they received support for homework or for career decisions in different subjects (e.g., math, science) and from whom they received support (e.g., "Who helped you with your science homework? \[Brother or sister\]"). Positive answers were summed up to a score for the subject and for the person giving support and by multiplication adjusted to a range between 0 (no support) and 1 (full support). This manuscript applies three variables for the analyses: support for math, support for science, and support by parents.

###### 

Overview of the scales used for the study with the number of items, an example, and the internal consistency.

  Scale                        Items   Example                                                                           Cronbach's *α*
  ---------------------------- ------- --------------------------------------------------------------------------------- ----------------
  Academic self-concept STEM   4       "I am not skilled enough in mathematics for choosing a career in STEM"            0.82
  Intrinsic motivation         5       "I want to work in STEM to contribute to scientific and technical developments"   0.71
  Extrinsic motivation         2       "The high salaries make a career in STEM attractive to me"                        0.73

Note: The Cronbach's *α* calculated for the whole German sample (567 students). This larger sample included students with majors, which did not qualify for inclusion in the present study. According to [@ref36], Cronbach's *α* with 0.70 and more can be considered a satisfying indicator of the internal consistency of a scale. If necessary, values for academic self-concepts were recoded, so that higher values indicate a higher self-concept.

[Table 1](#tab1){ref-type="table"} shows the characteristics of the Likert scales including the number of items, an exemplary item, and the internal consistency of the scale. Missing items of singles scales were imputed; missing scales were treated as missing. We used the values of the skewness and kurtosis to analyze the distribution of the data. [@ref50] set the criteria for indicators used in structural equation models at a value of \>2 for skewness and \>7 for kurtosis for deviation from normal distribution. All scales meet the criteria of normal distribution.

Results {#sec10}
=======

Descriptive Statistics for the STEM-LPF Sample {#sec11}
----------------------------------------------

Of the 284 students in STEM-LPF, 50.4% of the students (134) had a father and 11.3% (30) had a mother working in a STEM profession. Most students showed a very positive STEM self-concept (*M* = 4.58; the means described in the following related to a scale of 1--5, with 1 as the lowest value and 5 as the highest value). Intrinsic (*M* = 3.99) and extrinsic motivations (*M* = 3.81) were positive. With respect to school factors, 50 students had three favorite STEM subjects at school, 141 students had two, 84 had just one, while 9 had favorite non-STEM subjects (*M* = 1.82). They received a moderate amount of STEM support in school (*M* = 2.33 of a maximum of 5). Considering family factors, the amount of parents' support in math (*M* = 0.14 of a maximum of 1) and STEM (*M* = 0.14) was low. General support by the parents was low to medium (*M* = 0.36). [Table 2](#tab2){ref-type="table"} provides an overview of all scales, including their value range, their means, and their standard deviations.

###### 

Ranges, means, standard deviations, and *n* for the reported scales, students in the STEM-LPF sample.

                               Range     *M*    *SD*   *n*
  ---------------------------- --------- ------ ------ -----
  Motivation                                           
  *Intrinsic*                  1 ... 5   3.99   0.54   284
  *Extrinsic*                  1 ... 5   3.81   0.74   284
  Academic self-concept STEM   1 ... 5   4.58   0.55   284
  School factors                                       
  *STEM favorites*             0 ... 3   1.82   0.75   277
  *School support*             0 ... 5   2.33   2.07   277
  Family factors                                       
  *Mathematics support*        0 ... 1   0.14   0.19   284
  *STEM support*               0 ... 1   0.14   0.19   284
  *Parent general support*     0 ... 1   0.36   0.19   284

[Table 3](#tab3){ref-type="table"} provides an overview of the bivariate correlations between the variables.

###### 

Bivariate correlations between variables in the STEM-LPF sample.

                                   \(2\)       \(3\)       \(4\)   \(5\)        \(6\)    \(7\)       \(8\)
  -------------------------------- ----------- ----------- ------- ------------ -------- ----------- -----------
  Intrinsic motivation (1)         0.327\*\*   0.325\*\*   0.103   −0.057       0.079    −0.029      0.077
  Extrinsic motivation (2)         1.000       0.159\*\*   0.110   −0.015       0.008    0.031       0.067
  Academic self-concept STEM (3)               1.000       0.094   −0.091       −0.087   −0.061      −0.003
  STEM favorites (4)                                       1.000   −0.210\*\*   −0.034   −0.020      0.007
  School support (5)                                               1.000        0.028    0.068       0.004
  Mathematics support (6)                                                       1.000    0.604\*\*   0.618\*\*
  STEM support (7)                                                                       1.000       0.621\*\*
  Parent general support (8)                                                                         1.000

Note: Significant correlations are marked with asterisks (\*\**p* \< 0.01).

Descriptive Statistics for the STEM-MPF Sample {#sec12}
----------------------------------------------

Of the 185 students in STEM-MPF, 53.1% of the students (93) had a father and 8.6% (15) had a mother in a STEM profession. Most students showed a very positive STEM self-concept (*M* = 4.20; the means described in the following related to a scale of 1--5, with 1 as the lowest value and 5 as the highest value). Intrinsic (*M* = 3.79) and extrinsic motivations (*M* = 3.40) were positive. With respect to school factors, 22 students had three favorite STEM subjects at school, 88 students had two, 66 had just one, while 9 had favorite non-STEM subjects (*M* = 1.66). They received a moderate amount of STEM support in school (*M* = 2.38 of a maximum of 5). Considering family factors, the amount of parents' support in math (*M* = 0.20 of a maximum of 1) and STEM (*M* = 0.15) was low. General support by the parents was low to medium (*M* = 0.38). [Table 4](#tab4){ref-type="table"} provides an overview of all scales, including their value range, their means, and their standard deviations.

###### 

Ranges, means, standard deviations, and *n* for the reported scales, students in the STEM-MPF sample.

                               Range     *M*    SD     *n*
  ---------------------------- --------- ------ ------ -----
  Motivation                                           
  *Intrinsic*                  1 ... 5   3.79   0.67   185
  *Extrinsic*                  1 ... 5   3.40   0.86   185
  Academic self-concept STEM   1 ... 5   4.20   0.70   185
  School factors                                       
  *STEM favorites*             0 ... 3   1.66   0.75   174
  *School support*             0 ... 5   2.38   2.12   174
  Family factors                                       
  *Mathematics support*        0 ... 1   0.20   0.21   185
  *STEM support*               0 ... 1   0.15   0.19   185
  *Parent general support*     0 ... 1   0.38   0.21   185

[Table 5](#tab5){ref-type="table"} provides an overview of the bivariate correlations between the variables.

###### 

Bivariate correlations between variables in the STEM-MPF sample.

                                   \(2\)       \(3\)       \(4\)       \(5\)        \(6\)      \(7\)       \(8\)
  -------------------------------- ----------- ----------- ----------- ------------ ---------- ----------- -----------
  Intrinsic motivation (1)         0.410\*\*   0.380\*\*   0.259\*\*   −0.201\*\*   0.022      −0.011      0.077
  Extrinsic motivation (2)         1.000       0.299\*\*   0.230\*\*   −0.284\*\*   −0.117     −0.140      −0.050
  Academic self-concept STEM (3)               1.000       0.395\*\*   −0.195\*     −0.150\*   −0.092      0.023
  STEM favorites (4)                                       1.000       −0.251\*\*   −0.146\*   −0.162\*    −0.089
  School support (5)                                                   1.000        0.039      0.173\*     0.080
  Mathematics support (6)                                                           1.000      0.486\*\*   0.645\*\*
  STEM support (7)                                                                             1.000       0.648\*\*
  Parent general support (8)                                                                               1.000

Note: Significant correlations are marked with asterisks (\**p* \< 0.05, \*\**p* \< 0.01).

Research Question 1: Differences Between the STEM-LPF and the STEM-MPF Students {#sec13}
-------------------------------------------------------------------------------

A multivariate analysis of variance (MANOVA) with the two groups (STEM-LPF and STEM-MPF) as independent variables and intrinsic and extrinsic motivations as dependent variables was carried out. MANOVA showed an overall significant result, *F*(2,463) = 15.96, *p* \< 0.01, *η*^2^ = 0.06. Women in STEM-LPF scored significantly higher than women in STEM-MPF on intrinsic motivation, *F*(1,464) = 29.09, *p* \< 0.01, *η*^2^ = 0.06, as well as on extrinsic motivation, *F*(1,464) = 12.71, *p* \< 0.01, *η*^2^ = 0.03.

A *t*-test between both groups with the academic STEM self-concept as dependent variable also found higher values for women in STEM-LPF, *t*(109) = 6.25, *p* \< 0.01, Cohen's *d* = 0.7.

MANOVA with the two groups (STEM-LPF and STEM-MPF) as independent variables and the school factors as dependent variables was not significant, *F*(2,448) = 2.04, *p* \> 0.05, *η*^2^ = 0.01.

MANOVA with the two groups (STEM-LPF and STEM-MPF) as independent variables and family variables as dependent variables was significant, *F*(3,465) = 4.68, *p* \< 0.05, *η*^2^ = 0.03. Women in STEM-MPF scored significantly higher than women in STEM-LPF on perceived parental support in math, *F*(1,467) = 11.78, *p* \< 0.01, *η*^2^ = 0.02. There were significant differences neither for perceived parental support in STEM, *F*(1,467) = 0.34, *p* \> 0.05, *η*^2^ = 0.00, nor for general parental support, *F*(1,467) = 1.43, *p* \> 0.05, *η*^2^ = 0.00.

Research Question 2a: Latent Regression Analysis for STEM-LPF Students {#sec14}
----------------------------------------------------------------------

Latent regression analysis was used to test the relationships between the variables in a multivariate, multiple regression context. Structural relationships between multiple dependent variables and multiple independent variables can be analyzed simultaneously. Regression analyses are specified at the latent level and are corrected for measurement error at the level of the independent and dependent variables. Latent regression analyses have the advantage that the relationships between variables in the regression model can be estimated more accurately ([@ref21]). The data were analyzed with Mplus 6 using a maximum likelihood estimator. The goodness of fit of the data to the hypothesized model was assessed using the following indices: *χ*^2^/df, comparative fit index (CFI), root mean square error of approximation (RMSEA), and standardized root mean square residual (SRMR). In general, values of *χ*^2^/df \< 2, CFI \> 0.95, RMSEA \< 0.05, and SRMR \< 0.05 are considered indicators of good model fit. The model fit indices suggest a good fit of the latent regression analysis model for STEM-LPF: *χ*^2^/df = 1.039; CFI = 0.999; RMSEA = 0.012; SRMR = 0.022.

[Table 6](#tab6){ref-type="table"} displays the standardized solutions for the latent regression analysis with the school and family factors. Each factor comprises different variables. The model shows that the two indicators STEM favorites at school (*β* = 0.593) and school support (*β* = −0.355) are related to the latent school factor. The three indicators support in mathematics (*β* = 0.778), support in STEM (*β* = 0.777), and support by parents (*β* = 0.797) are related to the latent factor family.

###### 

Standardized coefficients for the latent regression analysis for the STEM-LPF sample.

  Observed variable     Latent factor   *β*      SE      *p*
  --------------------- --------------- -------- ------- ---------
  STEM favorites        *School*        0.593    0.250   0.018
  Support in school                     −0.355   0.157   0.024
  Mathematics support   *Family*        0.778    0.034   \<0.001
  Science support                       0.777    0.034   \<0.001
  Parent support                        0.797    0.034   \<0.001

The regression coefficients between the school and family factors and the self-concept as predictor variables and intrinsic and extrinsic motivations as criterion variables show the following results: students in STEM-LPF with higher levels of academic self-concept in STEM report higher intrinsic (*β* = 0.308) and extrinsic motivations (*β* = 0.139). There were no significant correlations between the school and family factors and intrinsic and extrinsic motivations. The total variance of intrinsic and extrinsic motivations that can be explained is *R*^2^ (intrinsic) = 0.125 and *R*^2^ (extrinsic) = 0.046. [Figure 1](#fig1){ref-type="fig"} gives an overview of the indicators and factors of the latent regression analysis model.

![Latent regression analysis for the STEM-LPF sample.](fpsyg-10-01242-g001){#fig1}

Research Question 2b: Latent Regression Analysis for Students in Subjects With a Moderate Proportion of Females {#sec15}
---------------------------------------------------------------------------------------------------------------

The model fit indices suggest a good fit of the latent regression analysis model for STEM-MPF: *χ*^2^/df = 1.759; CFI = 0.970; RMSEA = 0.064; SRMR = 0.040. [Table 7](#tab7){ref-type="table"} displays the standardized solutions for the latent regression analysis with the school and family factors. The model shows that the two indicators STEM favorites at school (*β* = 0.591) and school support (*β* = −0.431) are related to the latent school factor. The three indicators support in mathematics (*β* = 0.705), support in STEM (*β* = 0.710), and support by parents (*β* = 0.910) are high, positively related to the latent family factor.

###### 

Standardized coefficients for the latent regression analysis for the students in subjects with a moderate proportion of females.

  Observed variable     Latent factor   *β*      SE      *p*
  --------------------- --------------- -------- ------- ---------
  STEM favorites        *School*        0.591    0.100   \<0.001
  Support in school                     −0.431   0.090   \<0.001
  Mathematics support   *Family*        0.705    0.047   \<0.001
  Science support                       0.710    0.048   \<0.001
  Parent support                        0.910    0.041   \<0.001

The regression coefficients between the school and family factors and the STEM self-concept as predictor variables and intrinsic and extrinsic motivations as criterion variables show the following results: the model shows a moderate relationship between the latent school factor and students' intrinsic (*β* = 0.403) and extrinsic (*β* = 0.461) motivations. Students in STEM-MPF who reported a higher number of favorite STEM subjects in school have higher intrinsic and extrinsic motivations in STEM. By contrast, higher levels of school support indicate lower intrinsic and extrinsic motivations in STEM. There were no significant correlations between academic self-concept in STEM and support by the family. The total variance of intrinsic and extrinsic motivations that can be explained by the factors is *R*^2^ (intrinsic) = 0.244 and *R*^2^ (extrinsic) = 0.299. [Figure 2](#fig2){ref-type="fig"} gives an overview of the indicators and factors of the latent regression analysis model.

![Latent regression analysis for the students in subjects with a moderate proportion of females.](fpsyg-10-01242-g002){#fig2}

Discussion {#sec16}
==========

Consistent with the suggestions to differentiate between STEM domains ([@ref49]), this study classified STEM subjects into two groups according to their proportion of female students. Distinct differences and patterns could be found for the two groups.

STEM Self-Concept as a Key Predictor for Motivation in STEM-LPF Subjects {#sec17}
------------------------------------------------------------------------

Women in STEM subjects with a low proportion of females showed a significantly higher STEM self-concept and significantly higher intrinsic and extrinsic motivations than women in STEM-MPF. The higher STEM self-concept might be a result of a selection process in which only the most confident and able females decide on a career in strongly male-dominated fields.

Only the STEM self-concept contributed significantly to intrinsic and extrinsic motivations in the latent regression analysis. Neither family factors nor school factors received significant *β*-weights. Generally, research points at a strong influence of the STEM self-concept on the motivation to achieve in a subject and invest effort into it ([@ref22]). Both self-determination theory and research on the academic self-concept ([@ref30]; [@ref22]) assume that perceiving oneself as able and competent increases intrinsic motivation and achievement. In the present study, this kind of high self-concept in STEM was related to facets of intrinsic motivation, for example, the wish to contribute positively to scientific and technical developments in the respective field of study (see item example in [Table 1](#tab1){ref-type="table"}).

STEM self-concept was also significantly related to extrinsic motivation. However, in comparison to intrinsic motivation, the *β*-weight was much smaller. This result might be explained by the women's previous experiences. A high self-concept and intrinsic motivation are optimal requirements for long-lasting, persistent involvement in a domain. By contrast, involvement based on external motivation is much more liable to break down in case of failure, disappointment, stereotypes, etc. ([@ref22]) -- all obstacles which women in extremely male-dominated subjects are likely to encounter. As a result, an especially strong link between intrinsic motivation and self-concept can be expected.

School Factors as Key Predictors for Motivation in STEM-MPF Subjects {#sec18}
--------------------------------------------------------------------

Only school factors contributed to intrinsic and extrinsic motivations in the latent regression analysis. Neither family factors nor the academic self-concept received significant *β*-weights.

Former experiences and preferences expressed as STEM subjects being favorite subjects in school contributed positively to intrinsic and extrinsic motivations. Favorite subjects can be seen as indicators of intrinsic motivation. So in this case, former appraisal of STEM (to be sure, assessed in hindsight) contributes to present intrinsic motivation. STEM subjects as favorite subjects also contribute to extrinsic motivation, e.g., expectations of a good salary, etc.

By contrast (and at a first glance, somewhat counterintuitively), the variable of school support contributed negatively to intrinsic and extrinsic motivations. It expresses assessments of the support provided by teachers and the school as such, e.g., special activities that encouraged interest in STEM. There are different explanations for this result. It might be that, in hindsight, these activities in school have little to do with present academic experiences and demands. This variable would therefore tend to impede current motivation in STEM. Another reason might be that these kinds of school activities were perceived as intrusive, perhaps carrying the message that STEM subjects are not interesting *per se*, but need special encouragement and emphasis in order to be regarded as attractive, especially for girls. It speaks for this assumption that the variables STEM favorites and school support correlate negatively. [@ref4] showed for mathematics that parental support often carries these kinds of "hidden" messages. When this is the case, special activities and encouragement provided by teachers might backfire and discourage rather than encourage motivation and interest.

Differences Between Women in STEM-LPF and STEM-MPF Subjects {#sec19}
-----------------------------------------------------------

Differences between the two groups of women concern mainly the academic STEM self-concept and intrinsic and extrinsic motivations. Women in STEM subjects with a low proportion of females excelled by a higher STEM self-concept. One may assume that only women with a strong STEM self-concept that "inoculates" against the multiple barriers (stereotypes, lack of support systems in the family or by peers; [@ref9]; [@ref47]) will lastly decide for and stick to a career in a STEM-LPF field. As self-concept is formed in early years of childhood and becomes more stable over time ([@ref33]; [@ref19]), this result points at the importance to build up a strong STEM self-concept already in early school years.

However, the decision to take up a study in a STEM-LPF field needs not only a strong self-concept but also a high degree of persistence and stamina. Therefore, it is not surprising that the difference between women in STEM-LPF and STEM-MPF concerning their STEM self-concept is accompanied by a higher degree of intrinsic and extrinsic motivations. Students with higher motivation in a subject invest more time and effort in learning and performance and thus meet important requirements for academic success. In such a long-term context, intrinsic motivation is especially important ([@ref45]; [@ref500]).

Of the family and school factors, only one variable distinguished between the two groups. Women in STEM-LPF perceived lower math support from the family than women in STEM-MPF. In the light of differences in self-concept and motivation, it seems probable that these women did not perceive their parents' support as so important for pursuing their STEM career as they already had strong internal personal motives for their decision.

Limitations and Strengths of the Study {#sec20}
======================================

A strength of this study is its relatively large sample with 469 individuals of a "rare species" -- women in STEM subjects, with a large number of them even studying subjects with a low proportion of females.

This study's limitations may perhaps be found in its methodology that uses a cross-sectional design instead of a longitudinal design. This has implications for drawing inferences and causalities. Thus, it is not possible to investigate whether relationships, for example, between school and family factors and motivational variables, are mediated by the STEM self-concept. To investigate such causalities, a longitudinal design would be desirable. However, achieving a sample size like the one in the present study with a longitudinal design that covers ideally primary to secondary and to tertiary education is nearly impossible. Nevertheless, the study gives new insights into the motivation of women in university studies that are connoted as typically male domains. An important point of the survey is that it does not consider these studies as a homogeneous domain but takes a differentiated view.
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